The aim of this study was to evaluate the acute cell injury of excretion products present in culture filtrate from Shigella dysenteriae in both whole lower limb of chick embryo ex vivo and myoblasts cells developed in hanging-drop cultures in vitro. Three controls were defined: a) Tyrode's solution b) brain-heart broth infusion (CCC) and c) supernatant not toxigenic of E.coli O157:H7. Shigella dysenteriae were culture for 24 hours and the excretion products were obtained after centrifugation of the culture. After 1h of treatment, the morphologic changes in limbs treated with raw filtrate were evaluated through histopathological examination of sections stained with hematoxylin-eosin (H&E-stain) and Gomori's trichrome by image analysis techniques. Quantification of apoptotic cells was measured by an enzyme-linked immunoassay TUNEL. The morphological feature of apoptosis were evaluated in culture myoblasts. In contrast with controls, the longitudinal section on treated thigh of chick embryo limb-buds show atrophy muscle tissue, detachment of few fibers, 57,14% decrease in the number of cells, and loss of collagen substrate. Apoptotic index percent increase and mitotic index decrease in response to excretion products were observed, but were not significant. Membrane blebbing, vacuolation, small aggregates of chromatin around the nucleus and loss of cell adhesion were observed. Culture filtrate from Shigella dysenteriae produced cytotoxic effect on cell of muscle fibers with acute cell injuries suspected to be related to the apoptotic cell death.
INTRODUCTION
Shigella dysenteriae, just like many other bacteria, excrete toxins such as Shiga toxins (Stx's), which cause serious complications during infection (Paton & Paton, 1998) . Secreted bacterial proteins present in the culture filtrate of S. dysenteriae have been defined as exotoxins which cause cell death, mediate cell shape changes and disrupt normal cellular function. Depending on the type of cells infected, these toxins may cause necrotic or apoptotic cell death, alter cell signaling pathways without causing cell death, or induce the expression of pro-or anti-inflammatory cytokines which in turn exacerbate local inflammation or the development of systemic disease (Schmitt & Meysick, 1999) . S. dysenteriae has been defined as an enteric pathogenic agent that causes histologic changes of the intestinal mucosa following the shigella enterotoxin exposure. S. dysenteriae is ingested orally, often through contaminated food or water. S. dysenteriae first colonizes and then invades the epithelium, resulting in necrosis of the mucosa (O'Loughlin & Robins-Browneb, 2001 ) Shigella and its secreted toxin induce severe inflammation in the ileocolonic regions of the gastrointestinal tract. Histological examination of intestinal epithelial cells infected with S. dysenteriae shows the presence of microvascular thrombosis and hemorrhagic lesions. Although the gastrointestinal tract is the organ most commonly affected during infection, it is not yet clear whether other structures are also target of Stx's and whether the apoptosis process is a response to cell's injuries. Some culture cells lines are highly sensitive to raw Shiga toxin. It becomes clear that a number of cell types in the body can be targeted by toxin-induced inhibition of protein synthesis and apoptosis (Meyers & Kaplan, 2000) . Numerous recent studies have shown Stx's trigger programmed cell death signaling cascades in intoxicated cells. The mechanisms of apoptosis induced by these toxins are emerging recently, and the data published to date suggest that the toxin may signal apoptosis in different cells types via different mechanisms (Cherla et al., 2003) . From what was described above, it is possible to deduce that Shiga toxin may also affect other organs and that apoptotic signs could be considered as toxic cell injuries. The aim of this study was to evaluate the acute cell injury of excretion products present in culture filtrate from Shigella dysenteriae in both whole lower limb of chick embryo ex vivo and hanging-drop cultures in vitro. The chick embryo has a long and distinguished history as one of the best experimental models (Sterm, 2005) , and has been used in various fields of research: physiology, biochemistry and toxicology, among others. On the other hand, hanging-drop culture techniques represent a good alternative of in vitro systems (Hartung et al., 2002) .
MATERIAL AND METHOD
Culture filtrate of Shigella dysenteriae. Shigella dysenteriae strains were cultured on blood agar and grown anaerobically at 37ºC, for 24 hours. The strains were identified as serotype 1 by assay in monovalent antiserum A1 (FUVESIN). The colonies grown up to a density of 1 x 10 8 cells/ml (0.5 Mc Farland), were selected, resuspended in brain-heart infusion broth (BIH-Difco), and incubated at 37ºC for 48 hours. Next, the culture was centrifuged at 4000 g, for 30 min, at 4ºC thus obtaining the supernatants, which in turn were filtered through a 0.22 µm Millex filter (Millipore, Bedford, MA) and excretion product was obtaining.
Ex vivo. Chick embryo thigh. Fertilized Rhode Island Red X eggs were incubated at 38 ºC, at 65% relative humidity, approximately. The Hamilton-Hamburger stage of the embryos at 8 days was determined (Hamburger & Hamilton, 1992) The thighs were dissected and transferred to tubes containing 1.5 ml of 100% culture filtrate. Three control groups of chick thighs were defined: a) in Tyrode's solution, b) in brain-heart infusion broth (BIH-Difco) and c) in supernatants of E. coli 0157:h7 of nontoxigenic bacterial strains. All groups were incubated at 37ºC, for 1 hour.
Histopathological Examination. The controls and treated thighs were fixed by immersion in 10% formalin-zinc overnight and were embedded in Paraplast®. Serial longitudinal tissue sections of 5µm were stained with hematoxylin-eosin (H&E-stain) and Gomori's trichrome. The samples were examined under a light microscope and captured by a video camera attached to it. The images were analyzed by image processing software (Image J).
Determination of muscle tissue apoptosis.
TdT method which labels the end of the broken strands of DNA, was used for in situ detection of apoptosis in tissue samples immobilized on slide. Tissue blocks were sectioned and mounted on poly-L-Lysine slides. The slides obtained were processed through a terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL) assay to detect fragmented nuclei in muscle tissue. An ApopTag® in situ detection kit was used according to the manufacturer's instructions. Briefly, the slides were pretreated with H 2 O 2 and incubated with the reaction mixture containing terminal deoxynucleotidyl transferase and digoxigenin-conjugated dUTP, for 1h, at 37ºC. Labeled DNA was visualized with TACS Blue Label™. The positive control consisted in samples treated with TACS-nuclease control used to generate DNA breaks in the majority of the cells. For negative control, TdT was routinely omitted from the reaction mixture. The morphologic changes were evaluated by the apoptotic index; percentage of apoptotic nuclei per total nuclei. Mitotic index was determined by counting mitoses in strained muscle and muscle cells culture.
In vitro. Myogenesis. Explants from muscle tissue from thighs of 8-day-old chick embryos were used throughout the study. These were cultured on glass coverslips employing the hanging-drop technique. The explants were grown in a medium formed by total chick plasma and chick embryo extract diluted 1 to 8 in Tyrode's solution. The myoblasts cells developed for 24 hours at 38ºC and were incubated with culture filtrate. Three control myoblasts groups were defined following the same pattern used for the chick embryo thighs. On the other hand, control and treated muscle cells grown in hanging-drop were fixed by immersion in 10% formalin-zinc for 1 hour then stained with toluidine blue and mounted.
Statistical Analysis. Data are expressed as mean ± SD. A Student's t-test was used for the determination of the significance of differences. Differences between control and treated groups were considered significant at p<0.05. Actual sample's dimensions were obtained by morphometrical methods (Rojo et al., 2005) 
RESULTS

Ex vivo. Histopathological changes.
Longitudinal section on thigh control (Figs. 1a, 1b) , between proximodistal (pd) and dorsoventral (dv) axes of chick embryo limb-buds, showed muscle tissue (m) region and cartilaginous primordium constituted by hyaline cartilage (h). High magnification pointed out hyaline and muscle tissue relationship, both structures connected were through collagen (Co) substrate (arrows). The muscle tissue (m) present skeletal muscle fibers with compact aspect and multinucleate cells (Fig. 1c ). In contrast with controls, the muscle tissue treated basal region, between hyaline and muscle tissue showed showed atrophy, detachment of few fibers, 57.14% decrease in the number of cells (arrow) and loss of collagen substrate (Fig.  1d) .
Shigella excretion product-induced muscle tissue apoptosis
The results of apoptosis tests showed that excretion products cause extensive apoptotic cells death distributed in the muscle tissue. The distributions of apoptotic cells correspond to the region showing histopathological changes observed by TU-NEL assay (Figs. 2a, control y 2b, treated) . The reaction of the TUNEL assay in the treated tissue was greater than in control tissue. The morphological cell changes incliding cell shirinkage associated with nuclear fragmentation (arrows). Histopathological changes are related to a significant change in the determined apoptotic index on the muscular tissue of chick embryo regarding the control. This change translates into a value of 2.27 % of apoptotic index for the treated group in comparison to 0.5% of apoptotic index for the control (Fig.  2c) . Greater intensity of the reaction in the Shigella dysenteriae excretion product treated muscle is emphasized. Quantitative analysis showed that mitotic index percentage decreased in 0.62% with regard to control in response to treatment. The changes of the mitotic index were not significant (Fig. 2d) .
In vitro. Cultured myoblasts showed a fusion event between several mononuclear myoblasts formed. These cells align together and fuse to form the multinuclear myotubes, characteristic of muscle tissue. The sign of apoptosis determined ex vivo through the TUNEL reaction translates in vitro with the appearance of morphologic signals characteristic of this process of cellular death during the myogenesis (Fig.  3) . The degree of cells assembly is emphasized by its gathering to form the fiber in control culture (Figs 3. a, b, c, d ). The presence of membrane blebbing (arrows), vacuoles of diverse sizes (double arrows), and loss of cell adhesion were evident in the representation from the myogenesis in vitro under the treatment with the culture filtrate of Shigella dysenteriae (Figs. 3 a', b', c' and d') . The assembly process, in terms of the number of incorporated cells, is reduced in 50%.
DISCUSSION
The cell injury involving cell death by apoptosis, which is an active process generally characterized by morphological cell changes including cell shrinkage associated with cytoplasmic condensation, vacuolation, membrane blebbing and loss of cell adhesion (Zimmermann et al., 2001) . It is worth noting that we observed culture filter of Shigella dysenteriae induced apoptosis in the present study. The TUNEL assays performed revealed a massive apoptotic effect induced by the excretion products. It has been demonstrated that Shiga toxin induces apoptosis (Sandvig, 2001 ) The phenomenon of apoptosis begins with striking changes in both the cytoplasm and the nucleus. The cytoplasm undergoes marked blebbing at the periphery of cells, undoubtedly due to mediated changes in cytoskeletal-membrane interaction. During the progression of the injuries the cytoplasmic blebs become (Fig.1a) . Longitudinal section on thigh haematoxilyn-eosin counterstained show muscle tissue region (m) and cartilaginous primordium constituted by hyalin cartilage. 10x (Fig.1b) . High magnification (40x) on longitudinal section Gomori's trichrome stained showed loss of collagen (Co) subtrate. Control (Fig.1c) and treated (Fig.1d) . Barra = 20 µm. more numerous and ultimately, a marked increase of the plasmatic membrane permeability occurs, thus permitting the escape of cytosolic enzymes and finally leading to cell death. These membrane effects appear to be direct result of activation of calcium-dependent phospholipases and proteases (Trump & Berezesky, 1992) . It can be speculated that this pathway would significantly contribute to muscle cell death induced by culture filtrate of Shigella dysenteriae in the present study, although it needs experimental data to be proved. Although we did not perform direct measurements of proteolytic activity; perform direct measurements of loss of cell coupling between collagen matrix and muscle fibers; and loss of cell to cell communication; it appears that the presented results are the consequence of the activation of protease-like collagenase.This knowledge allows analysis of the bases of cell injury caused by culture filtrate of Shigella dysenteriae. Hence, numerous studies have examined the mechanism of cell death mediated by purified Stx's. Many cell types have been used. In this way, culture cells or cell lines were used in these studies including epithelial cells, endothelial cells, astrocytomic cells, monocytic and amniotic cell lines. Shiga toxin induces, cell lysis characteristic of programmed cell death or apoptosis (Joens et al., 2000; Susiki et al., 2000) , DNA degradation and release of the cellular content. This process can thereby facilitate proteolytic attack on neighboring cells and contributes to the toxic effect in (Fig.2d ) not showed significant difference. the whole organism. Recently, a mechanism of signaling for programmed cell death was described which requires the activation of caspase 12. In mice, caspase 12 appears to be localized to endoplasmic reticulum (ER), and is activated in response to stimuli by which ER became stressed and release the calcium stored (Nakagawa et al., 2000) . On the other hand, changes in cell junction include increases of intracellular calcium. Calcium increase results in a decrease of cell-cell communications and could result in detachment of desmosomes, intermediate junctions and tight junctions. Likewise, it has been proposed that calcium showed signs of acute cells injury with evident vacuolation, membrane blebbing and loss of cell adhesion (Orrenius et al., 1989) .
As is generally recognized, mitochondrial cytochrome-c release is followed by the formation of cytochrome-c and dATP-dependent apoptotic protease activating factor (Apaf1)/caspase-9 complex, and, eventually, activation of caspase -3 (Tafani et al., 2000) The real molecular mechanisms are not known, however, in future study on the relationship between collagen and Shiga toxin apoptotic cell death could lead to a better understanding of this problem.
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